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The Diagnostic and Prognostic
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Ultrasound in Endocarditis:
Bigger Is Not Better*
RANDOLPH P. MARTIN, MD, FACC
Atlanta, Georgia
Tremendous advances have been made in medical technol-
ogy over the last 20 years. In the 1990s, technology that not
only establishes diagnosis, but also aids in prognostic-
management decisions will become increasingly important to
community-based as well as academically based physicians.
Cardiovascular ultrasound with advances in two-dimen-
sional imaging, Doppler spectral and color flow studies.
digital image acquisition and transesophageal-intravascular
ultrasound is well positioned to continue its contributions to
diagnosis and management.
Seventeen years have passed since the initial observa-
tions (1.2) showed the role of echocardiography in patients
with known or presumed infective endocarditis. Echocar-
diography has since become the noninvasive imaging diag-
nostic procedure of choice in patients with suspected en-
docarditic lesions (3-12). It has proved useful not only for
visualizing vegetative lesions. but also for detecting compli-
cations of endocarditis. such as perivalvular abscess and
significant valvular destruction leading to regurgitation. Car-
diovascular ultrasound is a technology that provides func-
tional anatomic and hemodynamic physiologic information.
It is not a histologic technique. Transthoracic two-
dimensional echocardiography is an operator-dependent ex-
amination that can provide useful information in the vast
majority of patients. However. in some patients echocardio-
graphic views may be very limited because of obesity. chest
wall deformity, trauma or treatment with ventilators. The
advent of transesophageal echocardiography utilizing high
frequency probes has led to marked improvements in diag-
nostic accuracy of echocardiography for patients with
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known or presumed native and prosthetic valve abnormali-
ties as well as atrial lesions and aortic disease.
The report by Jaffe et al. (3) in this issue of the Journal is
an important contribution to our understanding of the role of
cardiovascular ultrasound in patients with endocarditis. The
authors have examined the diagnostic and prognostic role of
echocardiography and spectral Doppler studies in patients
with endocarditis. During the years of their study, 1983 to
1988. advances in ultrasound technology included increased
utilization of Doppler color flow mapping and, more re-
cently. transesophageal echocardiography. The study of
Jaffe et al. does not investigate the role of either of these
techniques. Although some would consider this a limitation.
their focus on two-dimensional and spectral Doppler echo-
cardiography more closely simulates worldwide clinical
practice in cardiac ultrasound. and, hence, provides an
important evaluation of two widely used prognostic tools.
The controversy. Whereas all physicians and cardiolo-
gists who utilize echocardiography agree that echocardiog-
raphy is useful in the diagnosis of vegetations and that lack
of echocardiographic visualization of vegetations does not
exclude endocarditis. controversy exists as to the prognostic
implications of such lesions in individual patients. Numerous
studies have shown a higher incidence of congestive heart
failure. embolization, surgical intervention and death in
patients with echocardiographically visualized vegetations
(4-11). but this relation is not universally accepted (II). To
date. little information has been provided about the role of
Doppler ultrasound as a complement to two-dimensional
echocardiography in the diagnosis of infective endocarditis.
Hence. the current study by Jaffe et al. (3) adds to our
understanding of the diagnostic and prognostic role of echo-
Doppler ultrasonography in patients with infective en-
docarditis.
Diagnostic accuracy of two-dimensional echocardiography
in patients with endocarditis. Jaffe et al. (3) report the
two-dimensional echocardiographic identification of vegeta-
tive lesions in 78% of their patients with proved endocardi-
tis. a finding that correlates closely with the experiences of
others (13), Thus, it appears that two-dimensional (including
M-mode) echocardiography can diagnose vegetative lesions
in approximately 70% to 80% of patients with endocarditis.
Transthoracic echocardiography is limited in its ability to
obtain good diagnostic images on every patient. Acoustic
shadowing from mitral prosthetic valves has limited its
ability to detect small vegetative lesions. especially on the
atrial side of the sewing ring. Transesophageal echocardiog-
raphy has increased the diagnostic accuracy of ultrasound so
that the presence of valvular vegetations or valvular destruc-
tion secondary to vegetations has been diagnosed in >90%
of patients studied by transesophageal technique (12,13).
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Transthoracic echocardiography is unlikely to approach this
degree of diagnostic accuracy because of difficulties in
diagnosing small vegetative lesions (especially those around
calcific-sclerotic native valves or prosthetic valves), as well
as difficulties in viewing patients who are critically ill or on
ventilators. Hence, transesophageal echocardiography may
become the ultrasound procedure of choice in patients with
suspected or known endocarditis of native or prosthetic
valves.
Role of Doppler ultrasound in patients with endocarditis.
Jaffe et al. (3), utilizing spectral (and not color) Doppler
methods, found that :2:2+ valvular regurgitation (generally
regarded as at least moderate) was present in 88% of patients
with endocarditis. When they excluded patients with pros-
thetic heart valves or congenital lesions, 97% of the patients
with endocarditis had abnormal valvular regurgitation. Be-
cause of acoustic shadowing, it is difficult to detect valvular
and perivalvular regurgitation in prosthetic valves by Dopp-
ler technique. Clearly, one advantage of transesophageal
echocardiography is its ability to accurately diagnose valvu-
lar and perivalvular mitral valve prosthetic regurgitation;
hence, it may become the procedure of choice for patients
with suspected mitral prosthetic endocarditis.
The differential diagnostic implications of these findings
are not clear. Just as pulsed wave and spectral Doppler
sampling can underdiagnose regurgitant lesions with pros-
thetic valves, native sclerotic valves often exhibit various
degrees of regurgitation. These are exactly the valves in
which the diagnosis of small vegetative lesions is often
difficult. Hence, it is not clear what the role of Doppler
ultrasound will be in trying to distinguish between a nonin-
fected sclerotic valve and an infected native valve. How-
ever, Jaffe et al. (3) do provide important prognostic infor-
mation and enhance our understanding of the role of Doppler
ultrasound in patients with echocardiographically visualized
vegetations. The patients who had less than mild valvular
regurgitation did not need surgery for hemodynamic insta-
bility (leading to congestive heart failure) nor did they incur
any in-hospital mortality. Jaffe et al. (3) point out, however,
that lack of significant or even moderate valvular regurgita-
tion does not exclude the possibility of valvular or perival-
vular abscess. Interestingly, they found that patients who
had not developed significant regurgitation by the 10th
clinical day of a course of endocarditis were unlikely to
develop regurgitation requiring surgical intervention. There-
fore, in patients with endocarditis of a native valve the lack
of significant regurgitation in the prosthetic valve replace-
ment, especially in the early period, argues against, but does
not exclude, a malignant course during that hospital admis-
sion.
Prognostic information derived from echocardiographic
size of vegetative lesions. Although many cardiologists and
echocardiographers sense that large vegetative lesions carry
a worse prognosis than small vegetative lesions, published
studies, until recently, have offered conflicting viewpoints.
The study by Jaffe et al. (3), as well as the recently published
work by Miigge et al. (12), have examined the relation
between the risk of embolization and vegetative lesion size
as detected by two-dimensional echocardiography. Jaffe et
al. (3), although showing no statistical relation between the
echocardiographic size of vegetative lesions and emboliza-
tion, observed that after the exclusion of those patients who
were most likely to manifest embolization before echocar-
diography, embolization occurred more frequently in pa-
tients with vegetative lesions :2: 10 mm than in those with
smaller lesions. Miigge et al. (12) clearly showed that pa-
tients with vegetative lesions >10 mm in diameter, as
detected by transesophageal echocardiography, had a higher
incidence of systemic embolization. In both studies larger
native mitral valve vegetations had a higher risk of embo-
lization than larger native aortic valve vegetations. If, as
these two studies indicate, embolization is more likely in
patients with a large vegetative lesion, especially if it is
attached to a mitral valve, these patients may represent a
subset in whom early intervention will reduce morbidity and
mortality. Jaffe et al. (3) showed that systemic embolization
occurred in 51% (23 of 45) of their patients with left-sided
valvular vegetative lesions and 83% of this subgroup (19 of
23) had cerebral embolization. There was a higher incidence
of systemic embolization in those patients with mitral versus
aortic vegetations, and although the numbers are small, all
three of their patients with both mitral and aortic vegetations
had systemic embolization. The patients at highest risk for
embolization were those with Hemophilus injluenzae en-
docarditic lesions. Although firm evidence is lacking for the
influence of size on other complications of endocarditis, data
are beginning to surface showing that large vegetative le-
sions, especially of the native mitral valve, are more prone to
embolize and cause catastrophic effects of endocarditis.
These two studies point out the importance of looking at
both the size and the location of vegetative lesions when
attempting to determine prognostic implications of the echo-
cardiographic finding. Both of these reports show no signif-
icant interrelation between vegetation size and two other
complications of endocarditis: death and intractable heart
failure.
Detection of perivalvular abscesses. Jaffe et al. (3) show a
fairly high degree of accuracy (five of seven) for transtho-
racic echocardiography in diagnosing surgically or autopsy-
confirmed perivalvular abscesses. Two-dimensional echo-
cardiography missed two abscesses, both of which occurred
around native aortic valves. Although the authors have
shown a fairly good detection rate of abscess, this diagnosis
remains difficult with transthoracic echocardiography in
patients with native and prosthetic valves, It is hoped and
postulated that transesophageal echocardiography will in-
crease the diagnostic accuracy of detection of native and
prosthetic left-sided valvular abscesses. Preliminary data
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fromChan et al. (14) and Daniel (personal communication)
substantiate this hope.
Predictors of early in-hospital mortality. Jaffe et al. (3)
found a 10% in-hospital mortality rate in patients with
proved endocarditis. The best predictors of high risk or early
in-hospital mortality were infected prosthetic valves, sys-
temic embolization and endocarditis secondary to Staphylo-
coccus aureus infections. Jaffe et al. did not find congestive
heart failure or severe valvular regurgitation to be an inde-
pendent predictor of early mortality. However, they had a
fairly aggressive stance in recommending early surgery for
patients with uncontrolled congestive heart failure (most
likely secondary to significant regurgitation). Therefore, it
appears that those patients who have infected prosthetic
valves, especially if they have shown systemic embolization
or have S. aureus infections, or both, are those in whom
short-term prognosis appears most worrisome and aggres-
sive intervention could be considered.
Limitations of echocardiography in patients with known or
suspected endocarditis. Although the current study can be
criticized for not using Doppler color flow mapping or
transesophageal echocardiography, it may more accurately
reflect the worldwide practice of echocardiography. Not
every noninvasive laboratory has access to color flow tech-
nology or transesophageal echocardiography. The report by
Jaffe et al. (3) utilized spectral Doppler ultrasound, espe-
cially pulsed wave mapping, not only to detect the presence
of regurgitant lesions, but also to grade their severity. Pulsed
wave Doppler echocardiography is a sensitive, possibly even
too sensitive, technique for detecting valvular regurgitation
and can detect it in patients who have otherwise normal
valves as well as valves with sclerotic changes. However, it
encounters difficulties in accurately assessing the extent of
regurgitation and therefore may underestimate or overesti-
mate its severity. This technique can be improved by the
addition of Doppler color flow mapping. It also appears that
the detection of a major complication of endocarditis, that of
perivalvular abscess formation, remains a difficult challenge
for the echocardiographer. Although transesophageal echo-
cardiography may improve the accuracy of ultrasound in
diagnosing this condition, the early and correct diagnosis of
this life-threatening complication remains a challenge to the
echocardiographer. Finally, whether one utilizes transtho-
racic or transesophageal echocardiography, it may be diffi-
cult to distinguish abnormal valves such as myxomatous
prolapsing mitral leaflets from valves with sizable vegetative
lesions.
Conclusions. The following can be concluded from the
report by Jaffe et al. (3) and other data becoming available:
1. Standard transthoracic two-dimensional echocardiog-
raphy can detect valvular vegetations in approximately
75% to 80% of patients with proved endocarditic lesions.
Transesophageal echocardiography appears to increase
this ability to visualize vegetative lesions in >90% of
patients, but it may be especially important in patients
who are technically difficult to image with standard echo-
cardiography or who have prosthetic valves.
2. The size of vegetative lesions, especially as these lesions
get to be >10 mm in size, appears to have prognostic
implications for the risk of embolization. Conversely, the
lack of two-dimensional echocardiographic visualization
of a vegetative lesion does not rule out the risk of
embolization or other major complications of endocardi-
tis. Although Jaffe et al. do not address the question of
mobility of vegetative lesions, many investigators believe
that patients with large, mobile vegetative lesions may be
at increased risk for embolization.
3. The location of the large vegetative lesion on native
valves appears to be important. Specifically, large mitral
valve vegetations present increased risk for systemic
embolization.
4. Those patients who have mild or trivial valvular regurgi-
tation (s I+)during the early course of their disease may
be less likely to require emergent surgical intervention for
hemodynamic instability. Hence, it appears that those
patients who have moderate to significant valvular regur-
gitation and an echocardiographically proved vegetative
lesion should be observed carefully for development of
need for surgical intervention.
5. Early in-hospital mortality appears to involve patients
with infected prosthetic valves, as well as those patients
who have S, aureus infections or systemic embolization.
Implications. One could argue that patients with S. au-
reus infections should undergo early aggressive noninvasive
diagnostic evaluation to include standard two-dimensional
echocardiography, Doppler interrogation and perhaps
transesophageal echocardiography. Potentially, if the early
diagnosis of vegetative lesions (location, size and degree of
regurgitation) is available, morbidity and mortality in this
patient group can be improved. It also appears that sizable
mitral valve vegetations, especially if they are quite mobile,
carry an increased risk of systemic embolization. An argu-
ment could be made that if these patients also had significant
valvular regurgitation, early surgical intervention prior to
catastrophic systemic embolization might be worthwhile. In
those patients with known or suspected left-sided prosthetic
endocarditic lesions, transesophageal echocardiography
may become the procedure of choice, The ability to detect
small vegetative lesions as well as ring abscesses, especially
around the mitral valve, may be very important in these
patients. Clearly, transesophageal echocardiography will
allow visualization of the atrial side of mitral valve prosthe-
ses and offer good visualization of posterior (noncoronary)
sinus of Valsalva around aortic prosthetic valves. Many
investigators believe that this technique will offer important





guidelines for diagnosing and managing patients with pros-
thetic endocarditis and valvular abscess.
Finally, one must recognize that technology is only as
useful as it is applied with strong and good Clinical judgment.
Clearly, the lack of a vegetative lesion does not exClude
endocarditis nor does it predict those patients who may not
develop any complications of endocarditis. Similarly, the
simple visualization of a vegetative lesion, even a large
mitral vegetative lesion, has to be assessed in light of the
Clinical setting. No technique is 100% sensitive and specific,
just as Clinical judgment is an art, not a science. However,
combining strong Clinical judgment with excellent technol-
ogy can only improve the management of patients with
life-threatening illnesses such as infective endocarditis.
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